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ABSTRACT 
The Influence of Atmospheric Dust and Foliar Leachates on 
the Chemical Quality of Throughfall in Northern Utah 
by 
Dennis R. Parent , Master of Science 
Utah State University, 1972 
Major Professor: Dr. George E. Hart 
Department : Forest Science 
In the summer of 1971 a research project was carried out in an 
attempt to determine the influence of dust and leachates on rainfall 
quality . Open precipitation collectors , col l ectors under polyethylene 
screens, col l ectors under Douglas-fir (Pseudotsuga menziesii) and 
juniper (Juniperus s~opuZorum) , and leaf anal yses were used to deter-
mine the relative effects of these two processes by which chemicals 
are incorporated into the rainwater . All samples were analyzed for 
sodium (Na+) , calcium (Ca++), magnesium (Mg++), potassium (K+) , and 
available phosphorus. Under the trees , sodium concentrations increased 
as much as three times the amount found in the open, calcium was 13 to 
16 times greater , magnesium concentrations doubled, and potassium 
increased as much as 50 times that which occurred in the open rainfall. 
Calcium was the only cation studied in which the leaching process was 
important. Increased chemical loads of all other cations were mainly 
due to dust adhering to the tree canopy as wind passed t hrough it and 
later being washed off by rainwater. 
(59 pages) 
INTRODUCTION 
In this era of environmental awareness, much attention is being 
focused on water quality as influenced by man. Little is known about 
the quality of natural water as it falls from the atmosphere , passes 
through the vegetation, soil, and bedrock, and emerges as streamflow, 
relatively untouched by humans. The notion of natural water being 
pure in a strict sense is fallacio us. As water passes through an 
ecosystem , it transports many substances, and even rainfall contains 
some impuriti.es. These substances, although in lesser concentrations 
than those induced by man, may have an important effect on the use of 
downstream water. Therefo re, it is beneficial to monitor their con-
centrations as they pass through an ecosystem and to understand the 
processes by which they become incorporated into the runoff water . 
During a study on water quality i t was observed that the chemical 
quality of rainfall was altered significantly as it passed through 
the tree canopy. For example , the concentration of various chemicals 
in throughfall under Douglas-fir and juniper increased 5 to 20 times 
above concentrations measured in open precipitation. There are two 
reasons for this phenomenon : (1) dust particles adhere to the tree 
canopy as air passes through it, and are later washed off by precipita-
tion ; and (2) chemicals in solution are passed from the interior of 
the tree onto the leaf surfaces. The relative importance of these two 
phenomena acting together, and the individual influence of each on the 
chemical quality of precipitation has not been studied. Foliar leaching 
is a process involved with the cycling of nutrients in the immediate 
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environment of the tree, whereas dust collection is an additional 
source of nutrients from the outside which can modify this cycling 
effect. There are inter- and intra-specific differences in the kind 
and amo unt of chemicals leached, but, in forests near dust sources , 
these differences are not obvious because of the integrated effect of 
both processes. Although no measurements have been carried out, it is 
believed that the study sites selected are close enough to the Salt 
Lake Desert to be influenced by the dust storws which occur there 
periodically . Also, wind-borne dust particles from cultivated fields 
upwind from the study area could be deposited with the precipitation 
and as fallout. 
In order to evaluate the individual con tributions of atmospheric 
dust and foliar leachates, this confounding between dust and leachates 
must be reduced. The research conducted to s upport this thesis should 
partially solve this problem and show the importance of nutrient cycling 
within the individual tree, in order that a better understanding of the 
forest and its effects on water quality alteration will evolve. 
Objectives 
The objective of this study is to determine the contributions of 
atmospheric dust and foliar leachates to the chemical quality of 
throughfall. The secondary objective is to determine the role of the 
individual tree in the cycling of important chemical substances within 
an ecosystem . 
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Scope of Study 
The data collected were from two sites in north-central Utah. 
Analysis was completed for one si te af ter it was found that results 
were similar for both. Although generalizations can possibly be made 
from this study concerning other areas it is not within the scope of 
this study to do so since few o ther studies of this type have been 
completed. 
LITERATURE REVIEW 
Leaching 
Leaching as defined by Tukey , Jr . and Tukey (1962) is the loss of 
organic and inorganic metabolites from above- ground pl ant parts by the 
leaching action of aqueous solutions including rain , mist, and dew. 
The phenomenon of leaching of nutrients from leaves is not new . H. B. 
Tukey, Jr. (1966) noted that occurrence of leaching in nature was 
recognized as early as 1727 by Stephen Hales. Later , deSaussure (1804) 
noted that water contained alkali salts after be i ng in contact with 
leaves. The importance of leaching in crop product i on was soon 
recognized (LaClerc and Breazeale , 1908) . An explana t ion of the 
leaching process at that time involved the plant ' s req uiremen t s for 
high levels of nutrients during growth. When maturity was reached , 
the excess nutrients were lost through the leaves and returned to the 
soil to be used for next year ' s crop. During the first half of the 
twentieth century sporadic reports confirmed these earlier observa t ions 
and researchers noted that the losses due to leaching were great enough 
to be of concern i n crop production (LaClerc and Breazeal e , 1908 ; Arens , 
1934). 
In the last 15 years, leaching has been studied in much more 
detail, and its implications have been broadened considerably. Several 
investigators (Madgwick and Ovington, 1959; Voig t, 1960) compared the 
chemical quality of precipitation between forested and open areas and 
found that the concentrations in the rainfall under the trees was much 
greater than that in the open. Attempts have been made to correlate 
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the concen tration of chemical elements in the precipitation with 
certain variables, such as leaf composition and total weight of leaves 
(Madgwick and Ovington, 1959) but with little success , due to the great 
amount of variability and interactions between variables in natural 
systems. Recently, researchers (Tukey, Jr., Tukey, and Wittwer, 1958; 
Tukey and Tukey , Jr., 1959; Tukey, Jr., 1966) , have conducted a grea t 
amount of study on the subject of leaching. The use of laboratory 
techniques and radioisotopes of nutrients has enabled plant physiolo-
gists to acquire a more basic understanding of the overall process. 
Variati~n amoung species as to the --·~con tibility of leaching losses 
was verified by Bhan, Wallace, and Lunt (1959). Mecklenburg, Tukey, 
Jr., and Morgan (1966) studied the actual physiological processes in-
volved in leaching. 
These physiological processes are still not well-understood. Some 
researchers (Arens, 19 34) claimed the process is an active one with 
energy being supp!.ied by the plant while others contended that leaching 
is passive. Recent experimental evidence (Tukey, Jr., 1966) in which 
bean plants were treated with a metabolic inhibitor and losses compared 
to those of untreated plants, supports the theory of a passive process, 
since losses from treated and untreated plants were similar. 
Recently an intensive study utilizing a radioisotope of calcium 
was undertaken in order to determine the sour ce of the leachates 
(Mecklenburg, Tukey, Jr., and Morgan (1966). I t was found that as 
cations are leached, they a r e replaced by translocation from other 
plant parts, and leaching accelerated root uptake and translocation of 
ca
45 in beans. The results suggest that (a) calcium translocation is 
the major source of leached calcium, (b) recently absorbed calcium is 
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more easily leached than previously absorbed calcium, and (c) of these , 
exchangeable calcium is the primary source. Little calcium is leached 
from within cells or from nonexchangeable forms. An explanation of the 
leaching mechanism for calcium was then proposed . Calcium in the trans -
location stream moves from stem to leaf by means of exchange reactions . 
It is then leached by one of three processes: {1) exchange of ca l cium 
on exchange sites of the cell walls and pectinaceous projections in the 
cuticle by the hydrogen atoms in the leaching so lutions, (2) diffusion 
from the translocation stream within the leaf directly into the leaching 
solution on the leaf in areas without any cuticle , (3) a combination of 
both exchange and diffusion. Thus , foliar leaching is complex and 
additional research is still needed before any definite conclus ions 
can be reached regarding the process. 
There arc many factors which influence the production of fo liar 
leachates and H. B. Tukey, Jr. (1966) has categorized them into external 
factors, such as type of plant, substance being leached, leaf character-
istics, age of leaf, plant nutrient status, and physiological disorders, 
and internal fac tors, including amount of light, temperature, season, 
injury, and duration, amount, and intensity of rain . He also observed 
that woody stems and branches can lose nutrients by leaching , even 
during dormancy; therefore, any conditions influencing l eacha t e pro-
duction from leaves also influence leaching from these plant parts. 
Contrary to expectations, the amount of injur y to a plant is positively 
correlated with the amount of leaching, and the nutr ient level is 
negatively correlated . That is, leaching is increased if plants are 
either deficient in nutrients or injured . These facts support the 
hypothesis that leaching is not just an overflow mechanism , because 
unhealthy plants are more prone to losses than healthy ones. Additional 
factors suggested by Madgwick and Ovington (1959) are total weight of 
leaves, leaf shap" and morphology, and the relative mobility of dif-
ferent ions. In 1943, Wander and Gourley, working in apple orchards, 
asserted that mulching of soil beneath the trees had a pronounced effect 
on the amount of leachates produced. Tukey, Jr., Tukey, and \Vittwer 
(1958), using radioisotopes, verified the effects of various factors 
on leaching. Results of this study indicated the relative leachability 
of various isotopic cations. Ions most readily leached were sodium 
and calcium, with magnesium, potassium phosphorus, and chlorine 
following in that order. 
The ecological implications of foliar leaching can be far-reaching . 
Tukey and Tukey, Jr. (1959) maintained that it is important in soi l 
development and maintenance of soil fertility. Leached nutrients 
enrich the upper soil layers and partially counterbalance losses by 
soil leaching. According to Bloomfield (1954), the development of 
podzolic soils is affected by leaching. Texture changes, a feature 
of spodosols result from accumulation of clay in the B-horizon . 
Physical transport of clay particles may be accelerated by precipita-
tion washing through the soil while containing leached organic com-
pounds . Leaching is also important in the nutrient cycling of the 
plant-soil system. Soil texture, aeration, permeability, and exchange , 
all affecting soil fertility, are also influenced by leachate pro-
duction (Tukey, Jr., 1966). Observers have noted the accumulation of 
large quantities of nutrients under vegetation. This concentration 
is caused by the plant "mining" the nutrients from deep within the 
soil and depositing them on the surface layers. Metabolites leached 
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from leaves can be reabsorbed by roots and foliage of the same or 
different plants and translocated to other plant parts. This 
phenomenon pcovideti for redistribution of nutrients which cannot move 
out of the leaf by other avenues once they are in the leaf . 
The allelopathic effects of some leachates on adjacent plant 
species have been observed and documented for some time for species 
of walnut and juniper . Muller (1966) studied the role of this inhibi-
tion in shrubs of the California chaparral and concluded that the 
composition of the vegetation was influenced to a high degree by 
allelopathy. Arens (1934) proposed that the amount of leachates lost 
by a plant is related to the environment of the plant. Those plants 
adapted to an arid climate retain relatively high sal t concentrations 
in the leaf and thus are salt tolerant. Plants which are not salt 
tolerant are found in a more humid climate where rainfall and dew 
remove the excess salts from plant parts by leaching . 
Because of the universa l physiological process of leaching, its 
influence on the chemical quality of throughfall is very real. 
However, the relative importance of this effect in an entire ecosystem 
is probably negligible because the nutrient reservoir in the regolith 
and bedrock is so large in comparison. 
Dust 
The influence of atmospheric dust on the quality of precipitation 
and throughfall has never been studied from an ecological standpoint. 
However, its significance has been alluded to by Tamm and Troedsson 
(1955) near large areas of plowed fields or deserts . The local impact 
of large dust storms in the midwest is very real. The s ubject in the 
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present study , however, is not large storms ove r a relatively short 
period but the long time effects of colloidal dust settling out of the 
atmosphere or being deposited by rain in very minute quantities over a 
relatively long period of time. 
People have long realized that dust, once in the upper air strata , 
can be carried thousands of miles from the original source (Kellog, 
1935), but its eventual deposition was of little concern since the 
particles themselves were hardly noticeable. One of the unforeseen 
ramifications of this invisible but continual phenomenon could be the 
origin of certain surface soils (Anonymous, 1970). Agricultural soil 
scientists, after studying atypical surface soils around the world, 
hypothesized that the properties of these soils could have been 
influenced by aerosolic dust carried high into the atmosphere from 
desert regions of the world and later deposited when broughtdown by 
precipitation. This dust has a much smaller partical size than the 
loess which blankets much of the prairie states or the wind-blown dust 
of the dust bowl era, disturbances which were mesoscale in extent . 
For example, many surface soils of Hawaii contain quartz which is an 
exotic element in basaltic soils. Scientists believe that these soils 
have evolved from dust particles transported by the westerly jet 
stream and trade winds from the deserts of Asia and deposited in Hawaii 
by the frequent rainfall. Observations such as this will eventually 
lead to a better understanding of the real but perhaps subtle effects 
of atmospheric dust. 
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METHODS AND PROCEDURES 
Hypothesis 
Although the composition of substances in both open precipita t ion 
and throughfall can be influenced to a marked degree by a t mospheric 
dust, it is believed that throughfall is affected to a much greater de-
gree in the semi-arid region of northern Utah because of the dust 
adhering to the foliage as the wind passes through the tree canopy. 
Therefore, the tree acts a a mechanism for concentrating these dust 
particles, which are subsequently washed off by rain. However, the true 
effects of dust on the chemical quality of throughfall is confounded by 
the continual leaching process from the tree i t se l f. The i ntegrated 
effect of both of these processes is illustrated by comparing the qua l i t y 
of open precipitation VB throughfall (Table 1). In order to evalua t e 
the individual contributions of atmospheric dust and foliar leachates , 
an attempt must be made to reduce or eliminate this confounding condition . 
Table 1. Concentration of selected elements in open precipitation and 
throughfall (1969-1970) at South Cottonwood site in Blacksmith 
Fork Canyon (ppm) 
Number of Samples Na Ca Mg K p 
Open Precipitation 
19 1.5 2.1 0.2 1.8 0 . 03 
Throughfall ~juniper) 
16 8.1 15.8 2.5 10 . 7 0 . 53 
Through fall (Douglas - fir) 
17 15 . 9 25.3 3 . 8 20 . 0 4 . 22 
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To measure the relative influence of dust, a model of polyethylene 
screening was devised which would simulate the tree ' s ability to collect 
dust but would give off no foreign ions to further contaminate the 
rainfall which passed through it. Precipitation samples were collected 
from beneath this model during the summer of 1971 after major storms . 
Samples were later analyzed and compared with precipitation collec t ed 
in the open. 
The influence of leachates alone is much more difficult to measure 
without the use of radioisotopes. The amount of leaching has been 
measured by this method (Tukey, Jr . , Tukey , and Wittwer, 1958; Long , 
Sweet, and Tukey, 1956) but it was under laboratory conditions where 
dust was unimportant. This method has never been used in the field. 
In this study , chemical analyses of leaf tissues were conduc t ed i n an 
attempt to assay the potential leachate production which could then be 
compared with the analysis of the throughfall collectors. This compari-
son could possibly lead to some general conclusions. 
Description of Study Areas 
The Logan Canyon site (elevation 7500 feet) is situated on a for -
mation of interbedded Bloomington shale and limestone. The regolith 
is between 2 and 3 feet deep. It is fairly typical of the Do uglas - fir, 
Engelmann spruce (Piaea engelmannii) , subalpine fir (Abies lasioaarpa) 
forest type in the higher elevations of northern Utah. Open areas of 
big sagebrush (Artemisia tridentata) are present on one side. 
The Blacksmith Fork Canyon site (elevation 5500 feet) is located 
on Brigham quartzite overlain by 5 to 7 feet of regolith on the east 
side of South Cottonwood Canyon. The west side of the canyon is steeper 
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topography of Langston dolomite. These two bedrock masses are separated 
by an alluvium- filled canyon bottom occupied by South Cottonwood Creek, 
an intermittent stream. The area is quite open, with sagebrush, 
mountain maple ( Aaer thickets, and a few single trees 
of Douglas-fir and Rocky Mountain juniper. It is typical of lower 
elevation rangeland in the intermountain region with cattle or sheep 
using the area in the summer months. Locations of both sites are 
shown in Figure 1. 
The climate of the general area is characterized by long, cold 
winters and warm, dry summers. Winter storms are frontal in nature 
and prevailing winds are from the northwest. Summer storms are mostly 
convective in nature and the general wind direction is from the south-
west. Winter snowfall in the mountains is the main source of streamflow 
for the region. A graph of the precipitation regime for 2 years is 
given in the Appendix for the Blacksmith Fork Canyon site. 
Instrumentation 
A recording rain gage was installed at each site and equipped with 
an Alter shield. At the Blacksmith site, a standard rain gage was 
installed on the ground in the immediate area in order to obtain more 
accurate data from summer storms. 
A number of non-contaminating precipitation collectors were placed 
on each site in exposed locations and under selected trees. The design 
of these collectors is similar to that described by Likens et al., 
(1967) and shown in Figure 2. Fiberglass wool was placed in the neck 
of the funnel to prevent foreign material from entering the sample. 
All polyethylene bottles were washed meticulously before use with a 1 : 1 
X 
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solution of hydrochloric acid and rinsed twice with distilled water . 
During the summer of 1971, each exposed rain collector was paired with 
another collector which had a device constructed of steel wire and 
polyethylene screening over the funnel (Figure 3). Any possible con-
tamination from the screening was determined by soaking it in distilled 
water and analyzing the solution. Concentrations of all important 
cations were negligible. It was hypothesized that this screening 
would entrap atmospheric dust similar to a tree canopy as the wind 
passed through it , and subsequent precipitation would wash this dust 
off; however, there would be no confounding effects of foliar leachates . 
Throughfa l l collectors were essentially the same design as the 
exposed collectors except that the funnel was l ocated in the tree canopy 
at some distance from the polyethylene reservoir and the opening was 
covered with netting to prevent leaves and twigs from falling into the 
funnel (Figure 4). At the Blacksmith site three Douglas-fir and two 
Rocky Mountain juniper trees were monitored . Two Douglas-fir trees 
were utilized at the Logan site. 
The chemicals found in the rainwater originated in the rainwater 
itself and from deposition of atmospheric dust during periods of no 
rain. Therefore, total chemical loads resulted from a combination of 
these two sources. This combination is defined as bulk precipitation 
by Whitehead and Feth (1964). 
Analysis of Samples 
Needle samples of Douglas-fir and Rocky Mountain juniper were 
collected during May , July, and September of 1971. Lavender and 
Carmichael (1966) reported that the three var i ables affecting mineral 
16 
Figure 3. Collectors in open and under polyethylene screening . 
17 
Figure 4. Throughfall precipitation collector . 
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co ncen t r a t ions in Douglas-fir needles were sampling height in the tree, 
age of needles, and season of year. Samples were collected so as to 
mi n i mi ze t he ef fects o f these variables (i.e . , only terminal foliage 
was us ed and height of collection was 4 to 7 feet). The samples were 
washed f irst i n distilled water, and then t hey were washed in acetone 
in or de r to remove surface deposits. Samples of the water and acetone 
were s aved for analysis. The leaves were then mixed wi th distilled 
wa ter, ground in a Waring blender, centrifuged , filtered , and the fil -
trate analyzed. 
All water samples were analyzed for sodium (Na+), calcium (Ca++), 
magnesium (Mg++), and potassium (K+) by the Utah State University Soil 
Testing Laboratory using a Perkin-Elmer Model 303 atomic absorption 
s pectrometer. If solutions are prepared and analyzed according to in-
structions, this instrument is quite adequate for chemical analysis of 
na tural waters. A table of sensitivities for this model and standards 
used at the lab during analysis is included in Appendix C. Available 
phosphorus was determined using procedures devised by Murphy and Riley 
(1962). To guard against organically-caused chemical changes while 
the sample s were in storage, a small amount of chloroform was added, 
since analysis was not possible within a short time after collection. 
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RESULTS AND DISCUSSION 
Contribution of Dust to Chemical Composi tion of Rain 
Sodium 
During the summer of 1971, sodium in the precipitation alone 
averaged 2.6 ppm (Table 2). This value was higher t han the 2-year 
average of 2 . 2 ppm. However , it has been observed that sodium incr eases 
during the drier summer months reaching a peak in July or August. 
Sodium was the most variab l e of the elemen ts in precipitation monitored 
in this study. It fluctuated widely , having a range from 0 to 22 ppm. 
Average values of sodium in open precipita tion found by other inves ti-
ga tors in different areas of the United St a tes (Pearson and Fisher, 
1971; Junge and Werby, 1958; Voigt, 1960) are lower than those r ecorded 
in northern Utah except values of Whitehead and Feth (1964). They 
reported an ave rage of 3.9 ppm for 2 years in the San Fr ancisco Bay area. 
Concentrations of sodium are positively correlated with the amount 
of rainfall near the seacoast (Pearson and Fisher, 19 71). However , as 
seen from Figure 5, values in this study are scattered more or les s at 
random, therefore a coastal origin canno t be hypothesized. Sodium from 
the Great Salt Lake Desert no doub t has an inf luence on the quality of 
summer precipitation , but wind patterns fluc tuate so this effec t is not 
continuous, resulting in a wide range of values . For example, high 
values of sodium collected on July 12 were related t o wind direction. 
During the day, intense southwest winds at the surface and upper a t mos -
phere were recorded for the Salt Lake area (U. S. Department of Commerce, 
Table 2. Chemical analysis of precipitation in open and under polyethylene screening (1971) 
Da te 
5-10 
5- 23 
6- 3 
6-12 
7-12 
7- 23 
8- 7 
8- 29 
10-2 
Mean 
Days since 
last 
col lection 
11 
13 
10 
9 
30 
11 
15 
22 
21 
Precip -
(inches) 
.45 
1.15 
. 49 
1.01 
.04 
.16 
1.22 
. 69 
1.30 
Sodium 
Open ppt. Under screen 
(ppm) a (ppm) 
0 2 . 2 
. 7 1.3 
< .1 1.1 
.4 1.0 
22 .0 105.0 
.9 23 . 6 
.1 2 . 0 
.2 .7 
.4 . 4 
2.6 15 .3 
Calcium Magnesium 
Open ppt. Under screen Open ppt. Under screen 
(ppm) (ppm) (ppm) (ppm) 
1.3 1.5 6 . 5 1.5 
3.2 3. 6 7.9 6.3 
1.0 6.4 .3 6 . 4 
0 1.4 .2 . 2 
1.6 9 . 4 1.4 4.0 
. 1 18.3 .4 2.5 
c 
.6 .2 .2 
1.9 3 . 8 .3 1.0 
1.9 2.2 . 3 . 4 
1.4 6.4 1.9 2.5 
---------------------------------------------------------------------------Potassium Phosphorus 
---------------------------------------------------------------------------
5- 10 11 .45 0 
5- 23 13 1.15 . 5 
6- 3 10 .49 .1 
6-12 9 1.01 < .1 
7-12 30 .04 2.2 
7-23 11 .16 < . 1 
8-7 15 1. 22 < . 1 
8-29 22 .69 .2 
10-2 21 1.30 . 3 
He an . 4 
~alues represent a compos ite of t hree samples. 
bEach value is the mean of three observations 
cSample was too small to analyze. 
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Figure 6. Concen tration of sodium under the screen. 
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1971) . Thus , dust could easily be removed and lifted to upper levels 
where it could be transported and later deposited in the Logan area 
with the precipitation. The zero value in Table 2 occurring o n May 10 
was probably influenced by the low intensity northerly winds on May 
(United States Department of Comme r ce, 1971). 
The high concentrations of sodium in the Salt Lake Dese rt, upwind 
from the study area, leads to dispersion of the clay particles in the 
soil. Once dispersed , they are easily carried into th~ atmosph~re with 
the dust. 
The average concentration of sodium collec ted under the screen was 
15.3 ppm (Table 2). Individual values under the screen were grea t er 
than in the open, but the large amount of variation present made 
statistical interpretation questionable (range was 0.4 to 105 ppm). 
Abrupt increases occurred in July after a long period of dry weather 
(June 12 to July 12). Again, it is suspected that wind direction played 
an important role. The small size of the storm also had an influence 
because the high amount of sodium present on the screen was subjected to 
very little dilution by the precipitation. A general decline in con-
cootration prevailed as storm size increased (Figure 6). 
The effect of the screen was to act as a concentrating mechanism 
for dust particles, these particles ad hering to the screen as the wind 
w~sed through the screen. This influence, however, can be seen 
<qualitatively only. Because of the tremendous varia tion, a rigorous 
;Sffitistical interpretation was not undertaken. The effectiveness of 
tm screen was probably less than that of the real trees because of the 
:sticky exudates present on the leaf surfaces. 
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Calcium 
Open precipitation contained small amounts of calcium averaging 
1.4 ppm over the summer (Table 2). The distribution was more uniform 
than that for sodium with no obvious peaks or cyc les . The 2-year 
average was higher at 2.6 ppm. These values are comparable to the 
regional values reported by Junge and Werby (1958) for northern Utah . 
Calcium in rainwater is derived mainly from dust; therefore, no 
correlation with precipitation amo unts is observable (Pearson and Fisher, 
1971). As seen in Figure 7, the graph of this data shows no relation-
ship between storm size and concentrations. 
Calcium concentrations in the rainwater under the screen were 
significantly greater at the 95 percent confidence level. The high 
average of 6.4 ppm was caused mainly by two high values of 12.2 and 
18.3 ppm on May 10 and July 23 (Table 2) . Concentrations increased 
during July, the driest month of the year. The scatter diagram 
(Figure 8) indicates a decrease as storm size increases. This signifies 
that a certain amount of precipitation must fall to wash accumulated 
dust off of the screen and clean the atmosphere . Any additional preci-
pitation above this amount has a dilution effect . Any lesser amount 
will be richer in calcium. 
Magnesium 
The concentration of magnesium in open precipitation was similar 
to that of calcium , the average being 1.9 ppm for the summer season 
(Table 2). It varied from a high of 7.9 ppm in May to a low of 0.2 ppm 
in August. The high values occurred in the early season; low values 
prevailed during the majority of the summer per iod . High concentrations 
were not observed early in the 1970 season so the high concentrations 
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in the spring of 1971 are probably not representative of long term 
patterns. 
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The primary source of magnesium in the open rainfall is atmospheric 
dust . Therefore, it should enter bulk precipitation mainly as dry fall-
out independent of storm size (Gambel and Fisher, 1966) as was the case 
with calcium. If the points are plotted on a graph (Figure 9) no pattern 
is evident, large and small values occurring equally at random. General 
direction of winds could explain some of the variation present. 
Under the screen, the concentration averaged 2 .5 ppm, slightly 
higher than 1.9 ppm which occurred in the open, but not statistically 
significant due to lower values recorded in May . During the dry periods 
of the summer, the magnesium loads collected on the screen were consis-
t antly higher. Patterns were somewhat erratic . However, all data can 
be classified as relatively high (about 4.0 ppm) or l ow (about 0.4 ppm) 
with no intermediate values occurring . As with other cations, there 
was a general decreasing trend in concentration as storm size increased 
(Figure 10), adding plausibility to the notion of dust as the trans-
porting agent. 
The screen seemed to have an effect during the drier part of the 
summer. However, no trend was noted during the moist spring weather. 
Potassium 
Potassium behaves similarly to sodium , being essentially omnipre-
sent. Because of its lower hydration radius, it has a greater tendency 
to be held by clay particles. As time progresses, potassium ions build 
up on these clay micelles. An abundance of potassium occurs in Lake 
Bonneville and associated sediments. 
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Figure 10 . Concentration of magnes ium under the screen . 
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In the open precipitation the average concentration of potassium 
was 0.4 ppm {Table 2). The variance was not as great as that for sodium 
but trends were similar with highest values occurring in the dry part 
of the summer because of the greater amount of airborne dust particles. 
The bulk of these probably originate from the desert areas around the 
Great Salt Lake. High amounts of potassium from this source are most 
likely a local phenomenon because plotted isopleths of potassium con-
centrations (Junge and Werby, 1958) do not indicate concentrations as 
high as these in northern Utah. 
As was the case with sodium, the total amount present in the 
atmosphere varies around some average value. Wind direction and 
intensity may be one of the more important variables affecting the 
amount of potassium transported to a particular area (Figure 11). 
The potassium occurring in precipitation under the screen was 
significantly greater than in the open at the 95 percent confidence 
level. The average concentration was 1.4 ppm (Table 2). Trends were 
similar to those exibited in the open, i.e., low values during moist 
periods (spring and late summer) and high values during the dry period. 
Concentrations decreased as storm size increased {Figure 12). 
It is evident from these results that the screen had some influence 
on the chemical quality of the precipitation collected under it. 
Deposition of potassium on the screen as wind passed through it and 
subsequent removal by rainwater is a tenable hypothesis. 
Phosphorus 
In the open precipitation phosphorus concentrations were generally 
low, some smaller than the detection limits of the analyzing system . 
The average was 0.04 ppm (Table 2). One higher value of 0 . 17 ppm 
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occurred on July 12. Low values of phosphorus in open precipitation 
are not unusual (Voigt, 1960; Madgwick and Ovington, 1959; Pearson and 
Fisher, 1971). This is true becuase phosphorus is held tenaciously in 
the organic complex of the environment. The reservoir of phosphorus I 
is in rocks and sedimentary deposits. As these erode, phosphates are 
released to the ecosystem; however, much escapes to the sea where it 
is deposited once more. Only minu t e amounts enter the atmosphere. 
Because of these low values, no other conclusions can be drawn regarding 
phosphorus in the open precipitation. 
Under the screen, concentrations of phosphorus ranged from 0.03 to 
0.33 ppm with an average of 0.11 ppm (Table 2) . Although values were 
still small, they were significantly greater than those in the open. 
A tenfold increase occurred over the course of the summer with the 
highest value in July. If the hypothesis that the screen concentrates 
atmospheric dust is correct, the higher values of phosphorus would 
indicate a dust origin of this element in the air. However, the major-
ity of samples indicate essentially negligible amounts. 
The Influence of Leachates and 
Dust on Throughfall Chemistry 
In order to partially evaluate the role of leachates alone on the 
chemistry of throughfa ll, a laboratory procedure was devised which in-
eluded washing a sample of foliage with distilled water, washing it a 
second time with acetone, and finally pulverizing the sample in a water 
solution. Chemical analyses were conducted on each solution. Concen-
trations of major cations are given in Tables 3 und 4. It was hypothe-
sized that the water wash would eliminate any loosely held dust and 
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Table 3. Analysis of Douglas-fir foliage samples ( concentrations in 
ppm) a 
Collection l<ater wash 
Date Na Ca Mg K p 
5- 8 . 7 1.0 . 7 . 3 __ b 
7-1 2 1.0 < . 6 . 4 3.5 .10 
10-3 . 3 2.5 1.0 2.5 .27 
Acetone wash 
5- 8 24.6 .5 . 7 . 4 
7- 12 10.3 7.1 1.5 4.0 c 
10-3 19.0 3.6 .9 1.4 
Foliar analysis 
5- 8 . 9 38.8 3.9 79 .5 
7- 12 6.2 26.7 8 . 4 14 .3 2 . 37 
10- 3 7.1 36.7 26.0 249 . 3 33 . 7 
aEach val ue is the mean of three observations . 
b Sample was too small to analyze. 
c 
= No data. 
Table 4. Anal ysis of juniper foliage samples (concentra t ions in ppm) a 
Collection Water wash 
Date Na Ca Mg K p 
4- 29 .2 3.4 . 9 2.2 b 
7-12 2.9 1.3 . 9 2.8 .02 
10- 3 .1 2 . 3 . 8 1.7 .14 
Acetone wash 
4-29 5.9 .4 .6 . 3 
7-12 12.0 10. 1 5 . 0 1.9 c 
10-2 16.0 5.9 1.1 1. 5 
Foliage analysis 
4- 29 8.4 52.7 50 . 6 184.2 
7-12 3.4 42.7 15.7 16.0 3 . 00 
10- 2 24 . 0 41.0 35.3 182.0 43 . 7 
aEach samp l e the mean of three observations . 
b Sample small to analyze .• too 
c 
= No data. 
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leachate, the acetone wash would eliminate all remaining foreign material 
on the foliage surface, and the chemical analysis would indicate relative 
amounts of water soluble ca tions contained in the macerated leaf tissue. 
The complete laboratory procedure is given in Appendix B. 
Sodium 
Throughfall samples co llected under Douglas fir and j uniper had 
average sodium concentrations of 13.5 ppm and 5 .5 ppm (Table 5), 
respectively. The two species were significantly different at the 95 
percent confidence level; however, they were not significantly different 
from samples collect ed under the screen. A wide range of values was 
found. Other investigators have observed variation such as this 
(Madgwick and Ovington, 1959), and this should be expected in natural 
systems. On a storm-by-storm basis Douglas-fir throughfall showed sub-
stantially greater amounts of sodium than juniper but there was no 
evident reason for this. Canopy densities were estimated using a 
spherical densiometer (Table 6) and no significant difference was found 
between species . However, the thickness and shape of the crown could 
also affect the throughfall quality, and these characterisitcs cannot 
be evaluated with the densiometer. Throughfall could have come into 
contact with a greater number of needles of Douglas-fir before reaching 
the collector, The greater height of the Douglas-fir trees, the lack 
of throughfall under Douglas-fir from two small storms on July 12 and 
23, 0.04 and 0.16 inches, respectively, and the data on throughfall as 
a percentage of open precipitation amounts (Table 7) strengthens this 
concept . Thus, it was concluded that canopy density was not important 
and that it was the thicknes s or three-dimensional characteris tics of 
Table 5 . Chemical analyses of throughfal l under Douglas- fir and juniper in ppm 
Days since Sodium Calcium Magnesium Date last Precip. 
collection Dougl as - Juniper b Do uglas - Juniper b Douglas - Juniper b fir fir fir 
(inches) 
5··10 11 .45 5.8 2.0 11.7 9.8 1.7 1.8 
5- 23 13 1.15 3.8 1.9 9.8 10.4 3.0 1.6 
6-3 10 .49 7.7 4.2 26.8 14.5 4.6 4.2 
6-1 2 9 1.01 15.0 2.8 32.6 12.6 6.6 2 . 2 
7-12 30 .04 __ c 4. 6 35.0 6.4 
7-23 11 .16 20 . 0 44 . 2 10 . 9 
8-7 15 1.22 32.8 7.5 26.7 12.0 6.2 3.5 
8- 29 22 . 69 26.6 4 . 4 42.5 18.0 9.6 4 . 1 
10-2 21 1. 30 5.6 1.9 10.8 7.6 3.9 1.6 
He an 13.5 5. 5 23.0 18.2 5 . 1 3 . 8 
------------------------------------------------------------Potassium Phosphorus 
------------------------------------------------------------
5- 10 11 .45 14.8 1.8 d .01 
5- 23 13 1.15 8.4 4.1 .98 .12 
6- 3 10 .49 19.1 3.5 .02 
6-12 9 1.01 23.2 3 . 6 .02 
7- 12 30 . 04 23.8 
7-23 11 . 16 10.9 
8-7 15 1.22 21.6 9.0 2.27 .64 
8-29 22 .69 53.7 19 . 2 13.80 .49 
10- 2 21 1. 30 10.6 4.4 1.04 .20 
Mean 21.6 11.4 4.52 .21 
aEach value is the mean of fo ur observations; two repetitions under t wo trees. 
bEach 
w 
value is the mean of six observations; two repetit ions under three trees. N 
c No throughfall occurred. 
d 
= Dashes indicate sample small to analyze. too 
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Table 6. Canopy density measurements for juniper and Douglas-fir on 
South Cottonwood sites 
Trt! ~ Species Sample points Density (%) 
1 J u.1i pe r 2 83 
2 Juniper 2 85 
3 Douglas-fir 2 88 
4 :Jouglas- f ir 2 75 
5 Douglas-fir 83 
Tab l e 7. Throughfall expressed as a percentage of open (for period 
6- 8- 70 t o 6-12-70) 
Tree Total Amount of through fall precip. Juniper Percent of Douglas-f ir Percent of 
(gm) (gm) open (gm) open 
552 . 4 
1 506 .6 92 230 .5 42 
2 506.6 92 179 . 6 32 
3 280.6 51 
Average 92 42 
the crown which was the major factor. Other i mportan t fac t ors which 
could produce a difference are amount of surface area per needle and 
surface we ttability. 
From the data on foliar analysis, it appears t ha t no sodium is 
produced by l eaching. In the Douglas-fir foliar analysis (Tab l e 6) there 
were relatively small amounts of sod ium in the water wash, higher amounts 
in the acetone wash , and lesser amounts in the sample itself. Although 
the high amounts in the ace tone wash were not expected, this could occur 
because the sodium adhered strongly to the resin exuda te on the leaf 
surface, indicating the need for heavy precipitation in order t o remove 
it . Juniper had a greater amount of s odium in the foliage sample (Table 
4). This was not reflected in a greater concen tration in throughfall 
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under juniper. Therefore, leachi ng is not an appealing explanation. 
Of the ions studied, s odium should be the most easily leached (Tukey, 
Jr. , Tukey, and Wittwer, 1958). If this is true, the effects of sodium 
leachate are hidden. Perhaps there is a great deal more sodium in the 
atmosphere than moving through the plant, thus masking the observable 
effects of leached sodium. 
Calcium 
Under the Douglas-fir and juniper trees the concentration of 
calcium in the throughfall was much higher than under. the polyethylene 
screen (Tables 2 and 5). No difference could be detected between 
species; however, differences between concentrations under the screen 
and under the trees were highly significant. These values were much 
higher than those of Voigt (1960), who reported approximately 2 ppm 
under conifers in Conneticut, but were within the range of summarized 
data by Madgwick and Ovington (1959) collected under 18 different 
forest canopies in England. 
These data signify that leaching of calcium from these tree species 
can play an important role in the nutrient cycling of this element in 
the forests of northern Utah. Previous research has shown that calcium 
is one of the more easily leached elements (Tukey, Jr., Tukey, and 
Wittwer, 1958). In addition to the increased amounts of calcium in the 
throughfall samples, considerable amounts were mechanically washed off 
the leaf samples (Tables 3 and 4) and in the foliage analysis calcium 
was consistently high. Since calcium in the translocation stream of the 
plant is the primary source of leached calcium (Mecklenburg, Tukey , Jr., 
and Morgan, 1966), and the calcium content of the soil is very high, 
large amo~nts of leached calcium in the throughfall may be expected. 
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Magnesium 
No difference between species was found in the magnesium loads under 
Douglas-fir and juniper (Table 5) . Juniper throughfall showed high 
concentrations in two small storms during a prolonged dry period . 
This trend cannot be verified for Douglas-fir because no t hroughfall 
penetrated the canopy during these storms. 
Throughfall samples under Douglas-fir were significantly different 
from those under the screen as concluded from statistical tests; however, 
this was not true for juniper. Leached magnesium could be important 
here but the data do not suggest a definite conclusion. In both species 
relatively small amounts of magnesium were found in the water wash and 
acetone wash as compared to amounts found in the solution obtained f r om 
the crushed foliage. Concentrations in the foliage samp l e analysis were 
20 to 40 times greater. Although data from the leaf samples do not 
support the leaching hypothesis,definite consideration should be given 
to it because of other evidence. Tukey, Tukey, Jr ., and Wittwer, (1958) 
noted that magnesium was one of the more easily leached ca tions. If 
similar sized storms are compared in chronological order (i.e . , 1.15 , 
1.01, and 1.22 inches) in relation to the concentration of magnesium 
present, the positive relationship between age of leaf and amount of 
leachate produced (Tukey, Jr., 1966) can be verified. As seen in Tab l e 
5, the respective magnesium concen t rations for these three storms dated 
May 23, June 12, and August 7, were 1.6, 2 . 2 , and 3.5 ppm for juniper, 
respectively and 3.0, 6.6, and 6.2 ppm for Douglas-fir, respectively. 
Therefore , t he older the leaf, the greater the magnesium leacha te. 
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Potassium 
Concentrations of potassium under Douglas-fir and juniper were 
not significantly different at a 95 percent probability level (Table 
5). Higher concentrations of potassium occurred under Douglas - fir as 
was observed with selected values of sodium. Any observed differences 
between the two species, however, may be due to differences in needle 
surface area wetted by throughfall and not differences in the physiology 
of the trees themselves. 
Average throughfall values of potassium were high (21.6 ppm for 
Douglas-fir, 11.4 ppm for juniper) producing a significant difference 
between the potassium collected under the screen (Table 2) and that 
collected under the trees (Table 5). This increased concentration may 
be due to leaching, but potassium is not readily l eached (Tukey, Tukey , 
Jr., and Wittwer, 1958). Increased chemical loads in throughfall may 
again be merely due to a greater amount of needle area subjected to a 
washing effect than that of the screen. Although there appears to be 
high amounts of potassium in the leaf tissue (Tables 3 and 4), the 
relatively low values in the water and acetone solutions tend to dis -
qualify leaching as a significant source of potassium. 
Phosphorus 
The wide var iation and occasional extreme values of phosphorus 
concentrations in throughfall samples prohibited any valid conclusions. 
In addition, lack of data in the acetone wash of the foliage samp l es 
excluded any meaningful conclusions from being made concerning leachates. 
Comparing the foliage analysis to the wash indicates that little phos -
phorus is leached. 
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SUMMARY AND CONCLUSIONS 
Comparison of the chemical quality of rainfall in the open, 
under polyethylene screening, and under selected trees (throughfall) 
provided a qualitative analysis of the role of dust and foliar 
leachates in the nutrient cycle of a forested ecosystem. A relatively 
small amount of sodium was brought in by rainfall most of the time. 
High amo unts were accompanied by strong southwest winds during the 
dry period of the summer. Much variation was present due to variation 
of wind direction, wind velocity, and season of year . Higher amounts 
of sodium and greater variation under the screen suggested that sodium 
carried with the dust in the wind was collecting on the screen . 
Calcium was present in small quantities in the open rainfall. The 
dust origin of calcium is well-known (Pearson and Fisher, 1971). 
Greater amounts in rain collected under the screen were due to the 
accumulation of dust by the screen. Magnesium followed a similar pat-
tern. Potassium was similar in behavior to sodium, exibiting low 
amounts in the open, greater quantities under the screen, and a high 
variation. The importance of wind intensity and direction was again 
suggested. Phosphorus concentrations were gene r ally negligible. 
All elements studied had higher concentrations in the throughfall 
than in the rainfall in the open. A significant difference between 
Douglas-fir and juniper was detected for sodium and potassium, but 
these differences could also be due to unequal three-dimensional 
densities of the tree crowns rather than a difference between the 
leachate production of the trees themselves. It appeared that only 
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small amounts of sodium were leached. Dust on the trees accounted for 
the increased chemical loads in the throughfall. Although calcium was 
brought in ,;vith dust, the leaching process was also a significant 
contributory mechanism . Magnesium concentrations increased to a 
lesser extent than calcium in the throughfall samples. Atmospheric 
dust was important, and leaching was also considered, but the data 
were conflicting. Potassium exibited a significant increase in con-
centration under the trees. Leaching did not show any importance in 
this case; therefore, wind-blown dust was again an effective trans-
porting agent. No conclusions could be made regarding phosphorus due 
to scarcity of data and generally low values. 
From this study it was concluded that, in northern Utah, atmos-
pheric dust can have a significant effect on the chemical composition 
of precipitation and throughfall. Wind direction is an important 
factor determining the relative amount and composition of dust that is 
transported to a specific area . During certain periods in the summer, 
the alteration of rainfall chemistry in this area is greater than most 
other parts of the country. 
Calcium was the only cation studied in which the leaching process 
played an obvious role. The abundance of calcium in the soil is the 
dominating factor. Other cations , if leached at all, were lost in 
smaller amounts which could not be detected 1;ith the procedures used 
in this study. 
Although atmospheric dust and foliar leachates have an effect on 
the alteration of rainfall chemistry, their importance in the functioning 
of an ecosystem in this region of the country is of minor interest. The 
integrated effect of all the watershed processes affecting water 
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quality is found in the runoff water. In the mountains of northern 
Utah, the bedrock composition is the major fac t or influencing the 
water quality of natural streams (Hart, Southard, and Williams, 1971). 
However, the importance of these two processes cannot be disregarded 
if a better understanding of the forest environment is to evolve. 
40 
LITERATURE CITED 
Anonymous. 1970. Dust in the atmosphere travels great distances. 
Crops and Soils 22(1):20-21. 
Arens, K. 1934. Exkretion des l aubblattes jahrb wiss . Bot. 80 : 248-
300. In Tukey, H. B., Jr., 1966. Leaching of metabolites from 
above ground plant parts and its implications. Bulletin of the 
Torrey Botanical Club 93:385-401 . 
Bhan, K. c., A. Wallace, and 0. L. Lunt. 1959. Some mineral losses 
from leaves by leaching. Proceedings of the American Society 
for Horticultural Science 73:289-293. 
Bloomfield, c. 1954. The deflocculation of kaolin by tree leaves 
leachates. Transactions of the 5th International Congress of 
Soil Scientists 2:280- 283 . 
de Saussure, N. T. 1804. Recherches chimiques sur la vegetation. 
Gauthier - Villais , Paris . 327 p. In Tukey, H. B., Jr., H. B. 
Tukey, and S. H. Wittwer, 1958. Loss of nutrients by fo liar 
leaching as determined by radioisotopes . Proceedings of the 
American Society for Horticultural Science 71:496-506. 
Gambel, A. W. , and D. W. Fisher. 1966. Chemical composition of 
rainfall, eastern North Carolina and southeastern Virginia. 
Geological Survey Water Supply Paper 1535-K:l-41. 
Hart, George E., Alvin R. Southard, and J. Stewart Williams. 1971 . 
Chemistry of precipitation and streamflow in north central 
Utah . Paper presented at American Geophysical Union, Fall 
meeting, San Francisco, California (December 6). 
Junge, c. E. , and R. T. Werby . 1958. The concentration of chloride , 
sodium, calcium, and sulphate in rainwater over the United St ates . 
Journal of Meteorology "l5:417-425. 
Kellog, Charles E. 1935. Soil blowing and dust storms. U. S. 
Department of Agriculture, Misc. Publication #221, Washington, 
D. C. 11 p. 
LaClerc, A. J . , and J. F . Breazeale. 
growing plants by rain or dew . 
Yearbook 1908 : 389-402 . 
1908. Plant food removed from 
U. s . Department of Agricul ture 
Lavender, D.P. , and R. L. Carmichael . 1966. Effect of three vari-
ables on mineral concentrations in Douglas- fir needles. Forest 
Science 12:441-446. 
41 
Likens, G. E., F. H. Bormann, N. M. Johnson, and R. S. Pierce . 1967. 
The calcium, magnesium, potassium, and sodium budgets for a small 
forested ecosystem. Ecology 48(5):772-785. 
Long, W. G., D. V. Sweet, and H. B. Tukey . 1956. Loss of nutrients 
from plant foliage by leaching as indicated by radioisotopes. 
Science 123:1039-1040 . 
Madgwick, H. A., and J.D. Ovington. 1959 . The chemical composition 
of precipitation in adjacent forest and open plots. Forestry 
32:14- 22. 
Mecklenburg, H. A., H. B. Tukey, Jr., and J . V. Morgan. 1966. A 
mechanism for leaching of calcium from foliage. Plant Physiology 
41(4):610- 613. 
Muller, Cornelius H. 1966. The role of chemical inhibition (allelo-
pathy) in vegetational composition . Bulleting of the Torrey 
Botanical Club 93 :332-351. 
Murphy, J., and J. P. Riley. 196 2. A modified single solution method 
for the determination of phosphate in natural waters. Anal. Chim. 
Acta. 27:31-36. 
Pearson, F. J., Jr., and Donald W. Fisher. 1971 . Chemical composition 
of atmospheric precipitation in the northeastern United States. 
Geological Survey Water Supply Paper 1535-P. 23 p . 
Tamm , C. 0., and T. Troedsson. 1955 . An example of the amounts of 
p lant nutrients s upplied to the ground in road dust. Oikos 6: 
61-70 . 
Tukey, H. B., Jr. 1966. Leaching of metabolites from above ground 
plant parts and its implications. Bulletin of t he Torrey Botanical 
Club 93:385-401. 
Tukey, H. B. , Jr., and H. B. Tukey. 1962. The loss of organic and 
inorganic materials by leaching from leaves and other above-
ground plant parts. Radioisotopes in Soil-Plant Nutrition 
Studies, Proceedings of the International Atomic Energy Agency, 
Vienna, p. 289-302. 
Tukey, H. B., and H. B. Tukey, Jr. 1959. Practical implications of 
nutrient losses from foliage by leaching. Proceedings of the 
Amrican Society for Horticultural Science 74:671- 676. 
Tukey, H. B., Jr . , H. B. Tukey, and S. H. Wittwer. 1958. Loss of 
nutrients by foliar leaching as determined by radioisotopes . 
Proceedings of the American Society for Horticultural Science 
71:496-506. 
U. S. Department of Commerce, Na tional Oceanic and Atmospheric 
Administration. 1971. Daily Weather Maps, May 5-9, July 5-12. 
Voigt, G. K. 1960. Alteration of the composition of rainfall by 
trees. American Midland Naturalist 63:321-326. 
Wander, I. W., and J. H. Gourley. 1943. Effect of heavy mulching 
42 
in an apple orchard upon several soil constituents and the mineral 
content of foliage and fruit. Proceedings of the American Society 
for Horticultural Science 42 :1-6 . 
Whitehead , H. C., and J. H. Feth. 1964. Chemical composition of rain, 
dry fallout, and bulk precipitation at Menlo Park, California, 
1957-1959. Journal of Geophysical Research 69(16):3319-3333. 
43 
APPENDICES 
44 
Aeeendix A 
Precipita tion Reco rd 
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Figure 13. Precipitation record for Blacksmith 'Fork Canyon. 
Bottle washing 
Appendix B 
Lab Procedures 
1. Scrub bottle with bottle brush. 
2. Wash out bottle with a 1:1 solution of hydrochloric acid. 
3. Rinse thoroughly with distilled water. 
4. Shake dry and cap. 
Foliar analysis 
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1. Collect three branches (about 8 inches long) from different expo-
sures at a height of 4 to 7 feet from each of three juniper and 
three Douglas-fir trees. 
2. Put in plastic bag and bring to lab. Remove 10 grams of youngest 
foliage and attached twigs using forceps and put in polyethylene 
bo t tle. 
3. Po ur 50 ml of distilled water into bottle and shake lightly for 
30 seconds being careful not to bruise the foliage. 
4. Pour off water solution; label and save for analysis; add a few 
drops of chloroform. 
5. Pour 50 ml of acetone into and shake lightly for 30 seconds . 
6. Pour off acetone solution; label and save for analysis; add a few 
drops of chloroform; add a few drops of hydrogen peroxide. 
7. Following the acetone wash, mix the leaves with 100 ml of distil-
led water and pulverize in a Waring blender; centrifuge, filter 
effluent, put in bottle and label. Centrifuge and filter second 
time if necessary . 
8. Analyze all solutions for sodium, calcj.um, magnesium, postassium, 
and phosphorus. 
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Appendix C 
Sensitivities, Detection Limits, and Standards Used 
for Atomic Absorption Analysis 
Table 8. Sensitivities, detection limits, and standards used for 
atomic absorption analysis 
Element Detection limit Sensitivity limit Standard solution 
(ppm) (ppm/1%) (ppm) 
Sodium 0.005 0.05 0,.63,1.25,2.5,5.0 
Calcium 0.01 0.1 0,5,10,20,30, in 1% 
lanthanum 
Magnesium 0.003 0.015 0,.5,1.0,2.0,3.0, 
in 1% lanthanum 
Potassium 0.005 0.1 0,2.5,5,10,20 
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AEEendix D 
Original Data 
Table 9. Chemical composition of precipitat ion under screening 
(1971) 
Date Code a Concen tration Na Ca M K p 
----------------------(ppm)-----------------------
5-10 B-Op-1 2.2 12.8 1.6 2.0 .04 
5·-10 B-Op-1 2.0 14.3 1.7 2.0 .02 
5-10 B-Op-3 2.5 9.4 1.1 1.9 .04 
5-23 B-Op-1 1.3 3. 4 6.2 .1 .07 
5-23 B-Op-2 1.2 3. 5 6.4 0 .07 
5-23 B-Op-3 1.4 4.0 6.4 0 .07 
6- 3 B-Op- 1 1.1 4.8 6.3 .2 .06 
6- 3 B- Op-2 .8 6.2 5.6 0 .01 
6- 3 B-Op-3 1.5 8.2 7.4 .1 .07 
6-12 B- Op-1 1.0 1.9 . 3 .s .OS 
6- 12 B-Op-2 .9 < 0 6 .1 .4 .02 
6-12 B-Op-3 1.2 1.8 .2 .4 .07 
7-12 B-Op-1 110.0 8.1 3.4 3.7 .03 
7-12 B-Op-2 75.0 7.5 3.4 4.6 .04 
7-12 B-Op-3 130.0 12 0 5 5.3 4.9 .24 
7-23 B-Op-1 4.8 11.0 1.9 4.2 0 73 
7-23 B- Op- 2 4.7 11.0 2.2 2.1 .01 
7-23 B- Op-3 4.5 33.0 3.3 4.0 .25 
8- 7. B-Op-1 2.0 0 .1 .9 .25 
8- 7 B-Op-2 1.8 0 .1 .6 <.01 
8- 7 B-Op-3 2.1 1.9 .4 .8 .07 
8-29 B-Op-1 .6 3.9 .6 .6 .10 
8-29 B-Op-2 0 5 2.5 1.5 1.3 .24 
8-29 B-Op-3 0 9 4.9 .9 1.7 0 36 
10- 2 B- Op-1 0 6 2.7 .4 .4 .06 
10- 2 B-Op-2 .3 1.4 .3 .2 .03 
10- 2 B-Op-3 0 4 2.4 .4 .2 .04 
a 
Explanation of codes : B Blacksmith Canyon site (South Cottonwood) 
Op Open collectors under screening 
1,2,3 Sample number 
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Table 10. Chemical composition of throughf all (1971) 
Date Code a Concentration Na Ca M K p 
---------------------(ppm) --------------------------
5-10 S-J-lE 1.9 9.5 1.2 1.5 b 
5-10 S-J-lW 1.5 9 . 8 1.4 1.3 .01 
5-10 S-J-2N 2.3 18.0 2 . 3 2 .1 
5-10 S-J-2S 2.4 1.8 2 . 2 2.4 
5-10 S-D-1BW 2.1 8.6 1.6 1.3 
5-10 S-D-2E 3. 3 15.6 2 . 2 3 .5 
5-10 S- D- 3E 3.0 10.9 1.4 4.5 
5-23 S-D-1AS 4.0 4.5 3.3 9.6 .75 
5-23 S-D-1BW 4.7 11.7 3.9 17.5 1.64 
5-23 S-D-2E 1.5 8.6 1.9 3 . 9 . 28 
5-23 S-D-2W 5.1 19.8 4.3 11.7 1.14 
5-23 S-J- 1W 1.5 5.0 1.8 1.7 .25 
5-23 S-J-1E 1.3 25.3 1.0 1.5 .03 
5-23 S-J-2N 2.4 9.5 1.4 10.7 .09 
5-23 S-J-2S 3. 0 1.4 2.0 6 . 8 . 36 
5-23 S-D-3W 4 . 3 3.9 2.6 6 . 6 1.24 
5-23 S-D-3E 3. 2 10.0 2.2 .8 .82 
6- 3 S-J - 1E 1.7 11.0 1.3 2.2 
6- 3 S-J-1W 1.8 9.6 1.4 2.3 . 02 
6- 3 S-J-2N 4.4 17.9 3.0 4 . 0 
6- 3 S-J-2S 9.1 19.6 3 . 9 5.4 
6- 3 S-D-1BW 3.7 21.0 3.0 10.8 
6- 3 S-D-1AS 7.5 17.2 3. 7 23.0 
6- 3 S-D- 2W 14.4 42.2 7.5 15.9 
6- 3 S-D-2E 6.8 21.2 3.8 28 . 4 
6- 3 S-D-3E 10.7 25.7 4.6 23.3 
6- 3 S-D-3W 3.1 33.7 5.3 13.4 
6-12 S-J-1W 1.5 13.0 1.8 3.0 .02 
6-12 S-J- 1E 1.2 6.2 1.4 2.0 .01 
6-12 S-J-2N 4.4 16.0 2.9 4.3 .01 
6-12 S-J-2S 3.9 15.0 2.6 5.0 .02 
6-12 S-D-1AS 16.0 34 . 0 7. 8 29.0 
6-12 S- D-1BW 15.0 39.0 7.4 24 . 0 
6-12 S-D-2E 10.0 18 . 0 3.2 9.3 
6-12 S-D-2W 16.0 30.0 6 . 4 19.0 
6-12 S-D-3E 13.0 34.0 6.0 19.0 
6-12 S-D-3W 20 . 0 41.0 8. 8 39.0 
7-12 S-J-1E 4.6 28 . 0 5.5 11.0 
7-12 S-J-1W 4.6 42 . 0 8 . 4 15.0 
7-12 S-J-2N 29.0 
7-12 S-J-25 40.0 
7-23 S-J- 1E 17.0 26.0 5.7 16 . 0 
7-23 S- J-1W 23.0 43 . 0 7.9 23.0 
7-23 S-J-2N 47 . 0 13.0 39.0 
7-23 S-J- 2S 61.0 17 . 0 55.0 
7-23 S-D-1AS 114.0 
8- 7 S-J-1W 3.6 5.0 1.6 5.3 .16 
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Table 10. Continued 
Date 
8-
8- 7 
8- 7 
8- 7 
8- 7 
8- 7 
8- 7 
8- 7 
8- 7 
8-29 
8-29 
8-29 
8-29 
8-29 
8-29 
8-29 
8-29 
8-29 
8-29 
10- 2 
10- 2 
10- 2 
10- 2 
10- 2 
10- 2 
10- 2 
10- 2 
10- 2 
Code 
S-J-lE 
S-J-2S 
S- J-2N 
S-D- lBW 
S- D-lAS 
S-D-2\V 
S-D-2E 
S-D-3W 
S-D-3E 
S-J-lW 
S-J-lE 
S-J-2S 
S- J-2N 
S- O-lAS 
S-D-lBW 
S-D-2E 
S- D-2W 
S-D-3W 
S- D-3E 
S- D-lAS 
S-D- l BW 
S- D- 2E 
S-D-2W 
S-D-3E 
S- D- 3W 
S-J-lW 
S-J- lE 
S- J - 2S 
Concentration 
Na Ca M K P 
- ------ ---------- ---{ppm)----- - --------------------- -
3.4 
11 . 0 
12.0 
38.0 
19.0 
47 .o 
24.0 
40.0 
29 . 0 
2.5 
2 . 0 
6.9 
6 . 0 
28.0 
30 . 0 
40.0 
6.5 
38.0 
17.0 
6.3 
5 . 9 
3.5 
3.6 
3.6 
11 . 0 
1.3 
1.4 
2.9 
5.0 
21 . 0 
17.0 
33.0 
18.0 
35.0 
18.0 
33.0 
23.0 
12.0 
12.0 
29.0 
19 . 0 
33 . 0 
35 . 0 
52.0 
49 . 0 
63.0 
23 . 0 
13.0 
10.0 
7.5 
8.8 
9.4 
16.0 
5.6 
6.3 
11.0 
1.6 
5.6 
5 . 3 
7.6 
4.6 
8 . 3 
3 . 8 
7.6 
5 . 4 
1.8 
1.8 
6.5 
6.4 
8 . 4 
8 . 4 
10.0 
8.9 
16.0 
6.0 
3 . 2 
11.0 
1.5 
1.7 
2.1 
4.0 
1.1 
1.2 
2.6 
4.1 
13.0 
15.0 
19 . 0 
21.0 
13 . 0 
32 . 0 
23.0 
8.5 
9.3 
30 . 0 
29.0 
48.0 
41.0 
61.0 
27 . 0 
107 . 0 
38.0 
15 . 0 
2.6 
5.6 
4 . 6 
11.0 
25.0 
3.1 
3 . 3 
6.7 
.62 
. 66 
2.12 
l. 88 
l. 92 
l. 88 
3 . 40 
3.44 
.29 
.23 
.79 
.66 
10 . 0 
10.0 
33.0 
2.0 
1.20 
.84 
. 28 
. 50 
1.50 
1.90 
.13 
. 11 
. 36 
aExplanation of codes: S = South Cottonwood site in Blacksmith Canyon 
b 
D,J =Douglas-fir, juniper 
N,S,E,W =north, south, eas t, or west side of crown 
in tree 
1,2,3 = Samp l e number 
Sample was t oo small to analyze. 
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Table 11. Foliar analysis (1971) 
Date Code a Concentration Na Ca M K p 
------------------------(ppm)---------------------
4-29 B-J-lW . 3 3.8 . 7 . 7 
4-29 B-J-lA 5.9 .4 . 5 . 3 
4-29 B-J-15 7.4 53.5 4.8 212.5 
4-29 B-J-2W . 2 3.0 1.0 3.5 
4-29 B-J - 2A 5.3 . 3 . 4 .1 
4-29 B-J-25 12.9 44.6 44 . 6 135.0 
4-29 B-J-3W .1 3.5 J..O 2.3 
4··29 B-·J··3A 6.4 .4 1.0 .4 
4-29 B-J-35 5.0 60.0 102 . 5 205.0 
5- 8 L-D-lW .9 2.1 . 9 . 2 
5- 8 L-D-lA 25.2 1.6 .8 . 7 
5- 8 L-D-15 . 7 41.8 2.8 135.0 
5- 8 L-D-2W .3 0 . 6 .6 
5- 8 L-D- 2A 29.2 0 .5 . 6 
5- 8 L-D-25 1.5 41.2 2.2 95.0 
5- 8 L-D-3W 1.0 .8 . 7 0 
5- 8 L-D-3A 19 .5 0 . 8 0 
5- 8 L-D-35 .4 33 . 3 6 . 7 8.5 
7-12 B-J-lW 4.0 1.9 1.6 3.5 . 04b 
7-12 B-J-lA 19.0 19.0 2.4 2.2 
7-12 B-J-15 2.9 42.0 11.0 16.0 
7-12 B-J-2W 2.3 1.3 .4 3.0 .02 
7-12 B-J-2A 14 . 0 6.3 11.0 1.8 
7-12 B-J-25 4.2 40.0 18.0 16.0 3.00 
7-12 B- J-3W 2.3 .6 .8 1.8 .01 
7-12 B-J-3A 3.0 5.0 1.6 1.8 
7-12 B-J-35 3.0 46.0 18.0 16.0 3 . 00 
7-12 L-D-lW . 8 0 . 3 3.8 . 26 
7-12 L-D-lA 10.0 6.3 1.4 6 .0 
7-12 L-D- 15 2.5 30.0 8.4 14.0 2.00 
7-12 L-D-2W 1.4 < .6 . 6 3.8 . 02 
7-12 L-D-2A 10.0 10.0 1.3 2.8 
7-12 L-D-25 13.0 23.0 8. 0 16.0 2 .60 
7-12 L-D- 3W . 9 0 .4 2.9 .02 
7-12 L-D-3A 11.0 5.0 1.8 3.3 
7-12 L-D-35 3.0 27.0 8.8 13.0 2.52 
10- 2 B-J-1W .1 1.9 . 6 .8 .03 
10- 2 B-J-lA 15.0 6.7 1.1 . 7 
10- 2 B-J-15 23.0 48.0 28.0 195.0 45.0 
10- 2 B-J- 2W < . 1 2.5 1.2 2.8 . 34 
10- 2 B-J-2A 14.0 7.8 1.3 3.1 
10- 2 B- J-25 23.0 41.0 42.0 177 .o 43.0 
10- 2 B-J-3W .1 2.4 .5 1.4 .06 
10- 2 B-J-3A 19.0 3.1 .8 .8 
10- 2 B-J-35 26.0 34.0 36.0 174.0 43 . 0 
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Table 11. Continued 
Date Code a Concentration Na Ca M K p 
----------------------(ppm) - - - --- - - - - --------------- -
10- 3 L-D-lW .2 
10- 3 L-D-lA 19.0 
10- 3 L-D-lS 8.0 
10- 3 L-D-2W . 4 
10- 3 L-D-2A 22.0 
10- 3 L-D-25 7. 3 
10- 3 L-D-3W .3 
10- 3 L-D-3A 16.0 
10- 3 L-D-35 6.7 
aExplanation of codes: 
2.8 1.3 3.2 . 22 
5.0 . 9 1.0 
36.0 26.0 203.0 18.0 
2.8 . 9 1.7 .16 
2 . 5 . 8 1.0 
1>0. 0 27 . 0 300 . 0 43 . 0 
2 .0 . 7 2.5 .43 
3.3 .9 2 . 3 
34 .0 25.0 245.0 40 . 0 
L Logan Canyon site 
Op Open collectors under screening 
B ~ Blacksmith Canyon site (South 
Cottonwood) 
\o/ Water solution 
A Acetone solution 
S Leaf sample solution 
D Douglas-fir 
J juniper 
b 
sample too small to analyze 
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